Abstract. Global Positioning System (GPS) measurements in 1988 and 1991 on Cocos Island (Cocos plate), San Andres Island (Caribbean plate), and Liberia (Caribbean plate, mainland Costa Rica) provide an estimate of relative motion between the Cocos and Caribbean plates. The data for Cocos and San Andres Islands, both located more than 400 km from the Middle America Trench, define a velocity that is equivalent within two standard errors (7 mm/yr rate, 5 degrees azimuth) to the NUVEL-1 plate motion model. The data for Liberia, 120 km from the trench, define a velocity that is similar in azimuth but substantially different in rate from NUVEL-1. The discrepancy can be explained with a simple model of elastic strain accumulation with a subduction zone that is locked to a relatively shallow (20-Z_5 km) depth.
Introduction
Global plate motion models such as NUVEL-1 [DeMets et al., 1990] predict relative plate motion in subduction zones based primarily on closure constraints from the global plate circuit. Subduction zones provide no direct rate data to constrain plate motion models, while the directional constraint provided by trench earthquake slip vectors is relatively weak. Slip vector azimuths can exhibit a high degree of scatter, and may be systematically biased due to refraction of seismic waves by the cold slab or tectonic consequences of oblique convergence [DeMets et al., 1990] . It is therefore useful to test the predictions of global models for subduction zones with space geodetic measurements. Complicating factors include precision requirements, the great distances necessary to span the deforming zone, and the paucity of suitable geodetic sites on the subducting plate. Also, elastic strain accumulation and release during the earthquake cycle and permanent crustal deformation many hundreds of kilometers from the trench complicate interpretation of geodetic results.
The CASA (Central and South America) experiments investigate these and related questions with GPS geodetic measurements involving the Cocos, Nazca, Caribbean and South American plates [Kellogg and Dixon, 1990] 2. there is crustal shortening and permanent deformation inland (northeast) of Liberia; 3; the GPS result is affected by coseismic offsets; 4. elastic strain is accumulating near the trench, to be released later in an earthquake. I reject (for now) the first explanation, for several reasons. First, the analytical approach used is designed to eliminate the largest known source of systematic error, namely the systematic error associated with fiducial site mislocation. Second, the result for the San Andres site is plausible in the context of other information such as the NUVEL-1 model, suggesting that systematic errors are not dominating our solutions. Third, the "no fiducial" technique gives a general indication of data quality from differences between "known" tracking site coordinates defined by a given reference frame and estimated coordinates for these sites based on the GPS data. These differences (for 7 global sites in 1988 and 12 in 1991) are typically less than 30 millimeters, too small to affect Kagan and Jackson [1991] suggest that large subduction zone earthquakes cluster in time rather than exhibit periodic behavior. Ward [1991] suggests that both characteristic (single fault segment) and non-characteristic (multiple fault segment) ruptures could occur in the Middle America Trench depending on segment interaction. Thus while evidence of strain accumulation presented here confirms the obvious seismic hazard, by itself this is unlikely to lead to an accurate forecast of either the size or timing of a future earthquake.
McNally and Minster [ 1981] noted that seismic slip from regular trench earthquakes of the last century is much less than the total slip required by global plate motion models. The data presented here constrain possible explanations for this deficit. First, the GPS results rule out systematic errors in the plate motion models. Second, if the deficit is caused by some fraction of plate motion being accommodated aseismically, then it is more difficult to reconcile the depth data for shallow thrusting earthquakes in the region with the locking depth required by the GPS data, at least with the simple strain accumulation models presented here. While models can be generated that match the sparse GPS data and allow some aseismic slip (in Figure 2 , these models would have a velocity step at the trench) the required depth limit for partial locking to match the GPS data is deeper than 25 km, i.e., deeper than observed interplate seismicity. Alternately, aseismic slip is not the explanation for the slip deficit, implying that strain may accumulate through several seismic cycles, and characteristic earthquakes of the historical record have not succeeded in releasing this accumulated long term strain. If correct, this explanation requires that the slip deficit will be made up in the future by earthquakes larger than characteristic events of the past. Stein et al. (1986) suggested a similar explanation for the great 1960 Chile earthquake, since seismic slip in that event was significantly larger than that implied by simple multiplication of recurrence interval by plate rate.
